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ABSTRACT 
 
Some plant-parasitic nematodes exist within root tissue and must be extracted 
from the roots to identify and count them. However, efficiency comparisons of methods 
and solutions have not been published.  We have tested if water is a better extraction 
solution than mercuric chloride-dihydrostreptomycin sulfate for recovery of lance and 
root-lesion nematodes in corn roots. Also, we have tested if the platform shaker method is 
more effective than the Baermann funnel for extracting these nematodes and if there is an 
interaction between extraction solution and extraction method in recovery of these 
nematodes from corn roots. In addition, we infected corn roots with root-lesion 
nematodes alone and compared the number of the nematode extracted from radical and 
seminal roots versus nodal roots using both methods and solutions described. 
In the second portion of this thesis, we reported the screen of fifteen corn lines for 
resistant to Pratylenchus neglectus and Hoplolaimus stephanus. Screening would be the 
first step to provide sources of resistance for breeding programs. There is a lack of 
commercial corn lines resistant to root-lesion and lance nematode available. We also 
compared numbers of root-lesion and lance nematodes present in the radical and seminal 
roots and nodal roots of the fifteen different corn lines to check correlation between 
nematode numbers and root type. 
The third portion of this thesis describes effect of the new seed treatment products 
available to protect corn roots from plant-parasitic nematodes.  Experiments were 
conducted in 2011 and 2012 at five different locations in Iowa. The treatments were: 
Avicta
®
 Complete Corn (Avicta
®
 + Cruiser
®
 + Maxim
®
 Quattro); Cruiser
®
 + Maxim
®
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Quattro; Counter
®
 + Cruiser
®
 + Maxim
®
 Quattro; Poncho
®
 (500) / VOTiVO
®
 + 
Acceleron
® 
fungicides; and Poncho
®
 500 + Acceleron
® 
fungicides. Plant-parasitic 
nematode population densities were accounted in the initial and at V5/V6 corn growth 
stage and corn yields were also accessed. 
 
1 
 
CHAPTER 1 
GENERAL INTRODUCTION 
Thesis organization 
The thesis is presented in four chapters and general conclusions suitable for publication 
in scientific journals of American Phytopathological Society.  Chapter one is the general 
introduction.  Chapter two is an article to be submitted to Plant Heath Progress entitled 
“Optimum Extraction of Lance and Root-lesion Nematodes from Corn Roots with Water 
on a Platform Shaker”, describing processes of extraction. Chapter three is an article to be 
submitted to Plant Heath Progress entitled “Reproduction of Pratylenchus neglectus and 
Hoplolaimus stephanus on fifteen corn lines”, where describes screening of corn lines for 
nematode control. Chapter four is an article to be submitted to Plant Heath Progress 
entitled “Assessment of nematode population densities and yields of corn with seed 
treatment nematode protectants and soil-applied nematicide in Iowa in 2011 and 2012”, 
where describes effect of seed treatments. Each chapter is divided in sections that include 
abstract, introduction, material and methods, results, discussion, literature cited, tables 
and figures.  
 
General Introduction and Literature Review 
Plant-parasitic nematodes were first widely recognized as pests of corn in the 
United States in the 1970s (4).  There are many endo- and ectoparasitic nematodes that 
infect corn; the endoparasitic root-lesion and lance nematodes are of large economic 
importance. Nematodes feed within roots and are defined as endoparasites.  A somewhat 
unusual aspect of plant-parasitic nematodes as pests of corn is that most of the genera can 
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occur commonly in fields at low population densities (numbers), and only when 
population densities increase to damaging numbers does yield losses occur.  The damage 
caused by plant-parasitic nematode feeding to corn is exacerbated by dry soil conditions 
and high temperatures, but models are not available to predict if nematode population 
densities will increase to damaging levels based on pre-plant sampling, and the factors 
that result in large increases in nematode population densities are not known or 
understood very well. 
To quantify endoparasitic nematodes, it is necessary to extract them from roots.  
Several extraction techniques that incorporate a combination of method and solution have 
been used to promote the migration of nematodes out of the root tissue (1, 5, 9). The 
platform shaker and the Baermann funnel are methods that have been used to extract 
endoparasitic nematodes from soil and root tissue (2, 3).  The platform shaker is another 
method commonly used to extract endoparasitic nematodes from roots. It was used by 
Waudo and Norton (8) to screen corn hybrids and inbred lines for the ability to support 
reproduction of Pratylenchus neglectus. The nematode extraction solutions were 
combined with extraction methods to improve recovery from root tissue.  In nematology, 
the Baermann funnel method was first used to extract nematodes from soil.  Since 
nematodes have different in sizes and shapes, and soil particles may interfere in the 
nematodes sedimentation, the Baermann funnel has been adapted for extraction of 
different nematode genera and also has been used for extraction of nematodes that feed 
within roots (3, 7).Extraction of nematodes from the root tissue is more challenging than 
from soil due to the plant physical resistance as thickness of cell wall. It complicates the 
extraction solutions to reach nematode within roots.  
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Several methods of control have been tried to reduce plant-parasitic nematodes 
population densities. A range of different soil-applied nematicides was available to 
manage plant-parasitic nematodes, but most of these products are no longer available or 
are not registered for use on corn.  Currently, terbufos (trade name Counter
®
) is the only 
soil-applied nematicide that growers can use to manage plant-parasitic nematodes on 
corn.  Seed treatments were introduced in 2009 to protect developing corn roots from 
feeding by plant-parasitic nematodes.  The availability of the seed treatments has sparked 
great interest among growers and agribusiness personnel who advise them in managing 
nematodes to increase corn yields and produce the crop more profitably. In general, 
another option to reduce population densities of plant-parasitic nematodes is to grow 
nematode-resistant crop varieties. Unfortunately, there are no known root-lesion- or 
lance-nematode-resistant corn hybrids available commercially. Inbred corn lines are the 
base of breeding programs for production of new hybrids.  Since inbred corn lines are the 
base of breeding programs for production of new hybrids, it is important to investigate 
their ability to support nematode reproduction.  Several inbred and hybrid corn lines were 
tested for resistance to Paratrichodorus minor by Timper et al. (6), and the hybrids were 
observed to be more resistant than inbred lines.  However, searching for a corn hybrid 
resistant to root-lesion nematode and lance nematode is a hard task, because plant-
parasitic nematodes are well adapted to corn and environmental conditions.   
The goal of this thesis was explore methods and solutions to extract root-lesion 
and lance nematodes within corn roots, screen corn lines for resistance to root-lesion and 
lance nematodes, and assess the population densities and yields of corn grow in plots that 
received seed treatment nematode protectant and soil-applied nematicides terbufos.     
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CHAPTER 2 
  
OPTIMUM EXTRACTION OF LANCE AND ROOT-LESION NEMATODES 
FROM CORN ROOTS WITH USE OF WATER ON A PLATFORM SHAKER 
A paper to be submitted to Plant Health Progress 
 
Mychele B. da Silva and Gregory L. Tylka 
 
 
Abstract 
Determining the species and numbers of plant-parasitic nematodes present in a 
field are important for assessing yield loss and developing management strategies.  Some 
plant-parasitic nematodes exist within root tissue and must be extracted from the roots to 
identify and count them.  Also, these nematodes may not be evenly distributed among 
root types.  To induce the migration of nematodes out of roots, several methods and 
solutions are used.  However, comparisons of the efficiency of methods and solutions 
have not been published.  A two-factor experiment with a complete factorial treatment 
arrangement was conducted to compare recovery of root-lesion (Pratylenchus neglectus) 
and lance (Hoplolaimus stephanus) nematodes from corn root tissue using two methods 
and two extraction solutions.  Corn plants were grown in soil infested with both root-
lesion and lance nematodes.  A 3-g root-fragment sample from each plant was assigned to 
an extraction solution, either the water or 10 mg/L mercuric chloride + 50 mg/L 
dihydrostreptomycin sulfate, and an extraction method, either the platform shaker or the 
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Baermann funnel method.  There were six replications of each extraction solution-method 
combination, and the experiment was conducted twice, with consistent results, so the data 
were combined.  A second type of experiment was conducted using only root-lesion 
nematode. In this experiment, nematodes were extracted from radical and seminal roots 
and nodal roots separately using the same four treatment combinations.  For experiments 
with root-lesion and lance nematodes combined, more root-lesion nematodes were 
extracted from roots after seven days on a platform shaker than in a Baermann funnel. 
Also, more were extracted from roots in water than in a dihydrostreptomycin sulfate-
mercuric chloride (strep-HgCl) solution with the platform shaker, but not with Baermann 
funnels. More lance nematodes were recovered using the platform shaker than the 
Baermann funnel, and more were recovered using water than the strep-HgCl solution. 
There was no interaction between extraction method and solution for lance nematode. For 
experiments with root-lesion nematode alone, there were no differences in nematode 
extraction among the four solution and method combinations.  However, radical and 
seminal roots had more nematodes extracted than nodal roots. There was no interaction 
among extraction method, extraction solution and root types.  
 
Introduction 
In corn (Zea mays, L.), root-lesion (Pratylenchus Filipjev) and lance 
(Hoplolaimus Daday) nematodes injure root systems, resulting in yield loss (9, 18). There 
are many endo- and ectoparasitic nematodes that infect corn; the endoparasitic root-lesion 
and lance nematodes are of large economic importance. Nematodes feed within roots and 
are defined as endoparasites.  To evaluate nematode morphology and behavior and to 
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quantify endoparasitic nematodes, it is necessary to extract them from roots.  Several 
extraction techniques that incorporate a combination of method and solution have been 
used to promote the migration of nematodes out of the root tissue (2, 12, 21).  Although 
many techniques have been used, a comparison of extraction solutions and methods for 
recovery of endoparasitic nematodes on corn has not been published. 
The platform shaker and the Baermann funnel are methods that have been used to 
extract endoparasitic nematodes from soil and root tissue (5, 10).  Different extraction 
solutions have been used with these methods.  Water is the solution most often used, 
presumably because it is easy to obtain and is virtually cost-free.  However, other 
solutions, such as ethoxyethyl mercuric chloride-dihydrostreptomycin sulfate and 
mercuric chloride, have been used to recover nematodes from cotton roots (2, 9).   
A solution of methylene blue together with a precipitant agent was reported to 
help nematode extraction from soil using the Baermann funnel (1).  This technique 
helped recover high numbers of Meloidogyne spp. and Pratylenchus zeae that were found 
in the soil.  Extraction of nematodes from the root tissue is more challenging than from 
soil due to the plant physical resistance as thickness of cell wall. It complicates the 
extraction solutions to reach nematode within roots.  Therefore, experiments were 
performed in an attempt to penetrate the root cell wall and facilitate nematodes passage to 
out of the roots.  Pratylenchus brachyurus infects cotton roots and was best recovered 
with a solution of 10 mg/L of ethoxyethyl mercuric chloride + 50 mg/L of 
dihydrostreptomycin sulfate or 10 mg/L of mercuric chloride on a platform shaker (2). 
Zinc chloride, magnesium chloride, zinc sulfate, and diisobutylphenoxyethyl dimethyl 
benzyl ammonium chloride were also compared, but all had low nematode recovery.  
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Bird’s (2) technique was used by Zirakparvar (20) and Waudo and Norton (19) to screen 
hosts of Pratylenchus hexincisus.   
Ethoxyethyl mercuric chloride is an alkyl organomercurial compound that is no 
longer sold in its pure form. Due to toxicity, it must be handled carefully and strict safety 
procedures followed. In California, organomercurial compounds are used as a seed 
treatment.  Treating seed with these compounds can be dangerous, reportedly causing 
poisoning in humans (14).  Use of alkyl organomercuric solutions is discouraged because 
they can cause health problems and death (6).  The inorganic forms of mercury are less 
toxic than organomercury and they are commercially available.  Although mercuric 
chloride accumulates to toxic levels, it has a higher LC50 than organomercuric 
compounds (3) and it is commercially available.  In extraction of nematodes, the 
dihydrostreptomycin sulfate is an important antibiotic that improves nematode extraction 
when added to ethoxyethyl mercuric chloride (2).  Thus, in the present study, the 
antibiotic was added to mercuric chloride to improve nematode recovery. 
The nematode extraction solutions were combined with extraction methods to 
improve recovery from root tissue.  In nematology, the Baermann funnel method was 
first used to extract nematodes from soil.  Since nematodes have different in sizes and 
shapes, and soil particles may interfere in the nematodes sedimentation, the Baermann 
funnel has been adapted for extraction of different nematode genera and also has been 
used for extraction of nematodes that feed within roots (10, 17).  The benefit of the 
Baermann funnel extraction method is it separates living nematodes from dead 
nematodes, allowing the option to count only the viable worms.  The Baermann funnel, 
filled with ethoxyethyl mercuric chloride and streptomycin sulfate, was used to surface 
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sterilize Hoplolaimus columbus Sher in cotton and soybean (9, 15), helping to extract 
clean nematode cultures to be subsequently grown on roots in vitro.   
The platform shaker is another method commonly used to extract endoparasitic 
nematodes from roots.  It has been used to determine the efficiency of extraction 
solutions for Pratylenchus sp. and Radopholus spp. (2, 8).  In addition, the platform 
shaker was used by Waudo and Norton (19) to screen corn hybrids and inbred lines for 
the ability to support reproduction of Pratylenchus neglectus. 
The goals of this research were to determine (i) if water is a better extraction 
solution than mercuric chloride-dihydrostreptomycin sulfate for recovery of lance and 
root-lesion nematodes in corn roots; (ii) if the platform shaker method is more effective 
than the Baermann funnel for extracting these nematodes; (iii) if there is an interaction 
between extraction solution and extraction method in recovery of these nematodes from 
corn roots; (iv) if extraction solution and extraction method have the same effect on root-
lesion nematodes in roots infected with lance nematode as when present in the roots 
alone; and (v) to compare the number of root-lesion nematodes extracted from radical 
and seminal roots versus nodal roots for extraction this nematode. 
 
Materials and Methods 
 
We conducted two types of experiments.  Initial experiments examined extraction 
of a mixed population of lance nematodes and root-lesion nematodes from corn root 
tissue.  Subsequent experiments studied the extraction of corn roots infected with only 
root-lesion nematodes.  In these subsequent experiments, nodal roots and radical and 
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seminal roots tissue were separated and nematodes were extracted from the two root 
types separately nodal versus seminal and radical roots.  
 
Experiments with lance nematode and root-lesion nematode.  
Soil from a Nebraska field naturally infested with a mixed population of root-
lesion nematode, Pratylenchus neglectus (Rensch1924) Filipjev Schuurmanns & 
Stekhoven 1941, and lance nematode, Hoplolaimus stephanus Sher, 1963, was used for 
the experiments.  The soil was placed in 15.2-cm-dia. clay pots, and three corn seeds per 
pot were sown (Dekalb DKC61-69, Monsanto Company), but just one plant was kept per 
pot.  The other two plants were cut off above ground and discarded after two weeks, but 
their roots still remained in the soil throughout the entire length of plant growth in this 
experiment.  The plants were grown in a greenhouse at 27 
o
C ± 2 for 60 d, which 
corresponded to enough time for at least one complete life cycle for each nematode 
species studied.  After this period, plant stalks were cut and the tops of the plants were 
discarded. The soil was washed from roots, which were then chopped into 1-cm-long 
fragments and arbitrarily assigned to the treatments. 
 
Treatments. The four treatment combinations studied were two extraction methods 
(Baermann funnel and platform shaker) in a factorial arrangement with two extraction 
solutions (10 mg/L mercuric chloride + 50 mg/L dihydrostreptomycin sulfate and tap 
water).  This treatment arrangement allowed us to check for main effects and interactions 
between the two factors.  There were six replicates for each of the four treatment 
combinations.  
11 
 
 
Assays.  A 3-g root sample from each corn plant was randomly assigned to one extraction 
solution and method combination.  In each Baermann funnel, roots were placed in a 10-
cm x 10-cm square piece of tissue paper that was folded over the root sample and 
supported on a wire mesh to keep roots from moving into the solution.  The tubing in the 
bottom of the funnel was closed by a clamp.  Tap water or mercuric chloride-
dihydrostreptomycin sulfate solution was poured into the funnel until the packet of root 
fragments in tissue paper was covered.  Funnels were incubated at 20 
o
C ± 2.  The 
nematodes exited the roots, passed through pores in the tissue, and by gravity, settled to 
the bottom of the funnel tubing.  The entire contents of the funnels were drained into 
beakers after three, five and seven days, and the funnels were refilled with fresh solution 
on each collection date.  The number of nematodes of each genus were counted after 
three, five, and seven days and then summed. The counts were made under the 
microscope with the liquid poured from the beaker to a 3 cm x 8 cm rectangular dish. 
Due to difficulties to see the nematodes in the edges of the dishes, half the dish was 
observed for nematodes and nematode counts were multiplied by two. 
For the platform shaker method, 125-ml flasks containing a root sample were 
filled with 37.5 ml of either tap water or mercuric chloride-dihydrostreptomycin sulfate, 
and the top of each flask was covered with aluminum foil.  Flasks were placed on the 
platform shaker, and the shaker rotated at 100 rpm at room temperature (20 
o
C ± 2) until 
the end of the experiment.  Lance and root-lesion nematodes were collected and counted 
on the third, fifth, and seventh days and summed the same manner as was done for the 
Baermann funnel described previously.  After each collection, fresh water or mercuric 
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chloride-dihydrostreptomycin sulfate solution was added to the flask, allowing the 
continuity of the nematode extraction. 
Nematodes were collected from the flasks by pouring the flask contents through 
850-µm- and 38-µm-pore sieves that were stacked, with the larger pore sieve on top.  The 
larger pore sieve collected roots fragments that came from the flasks, and the nematodes 
were retained on the 38-µm-pore sieve.  After collection on the 38-µm-pore sieves, the 
nematodes were transferred to 50-ml beakers and stored at 2 
o
C ± 1 until counted.  Root 
fragments were returned to the flasks to continue extraction for days five and seven. 
 
Experiments with root-lesion nematode alone 
To produce root-lesion nematode inoculum, three corn seeds (Dekalb DKC61-69, 
Monsanto Company) were sown in 15.2-cm-dia. clay pots in the naturally infested soil 
containing the mixed population of root-lesion and lance nematodes that was used in the 
previously described experiments.  After 60 days of growth, the nematodes were 
extracted by the platform shaker method using water.  More than 2,000 individual root-
lesion nematodes were picked with a 200-µl pipette and put in a 3 cm x 8 cm dish with 
clean water and used to infest pasteurized soil with no other plant parasitic nematodes 
present.   The same hybrid of corn mentioned previously was used to increase root-lesion 
nematode population densities.   
Three corn seeds were sown in the infested pasteurized soil that was infested with 
the root-lesion nematodes that were picked as described above. The corn plants were 
maintained at 27 
o
C in a growth chamber, and the nematode culture was raised for more 
than eight months.  Every two months, the top of the plants were removed and discarded, 
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and the roots in the soil were chopped, remixed with the soil and more pasteurized soil 
added.  More pots were refilled with pasteurized soil, and three new corn seeds were 
sown per pot.  This increased nematode population density per quantity of soil.  After 
eight months, there was enough soil to fill 24 15.2-cm-dia. clay pots with soil infested 
only with root-lesion nematodes (Pratylenchus neglectus).   
Experiments with root-lesion nematode alone were conducted in the exact same 
manner as the experiments with lance and root-lesion nematodes described earlier, with 
the following exceptions:  after 60 days of incubation in infested soil, each root system 
was separated in to nodal versus radical and seminal roots to compare nematode numbers 
in the two root types; the nematode counts were analyzed separately and combined for 
nodal versus radical and seminal roots on the third, fifth, seventh days and in total. 
Following nematode extraction, roots were cleaned using 16.7% bleach solution (1:5 
v.v.)  and stained by using the Byrd, Jr. et al. (4) protocol.  The number of root-lesion 
nematodes remaining after extraction was observed and estimated under microscope with 
the 100X objective lenses.   
 
Data analysis 
The results for the first and second runs of the experiment with lance and root-
lesion nematodes were analyzed, the results were consistent, and then combined.  There 
were 24 data points for each date that nematodes were collected.  The experiments were 
arranged in a randomized complete block designs to compare the main effects of solution 
and to determine method and whether there was an interaction between the two main 
factors.  Data were analyzed using the general linear model (GLM) procedure and mean 
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separation was determined using Fisher’s least square difference (LSD) test on Statistical 
Analysis System software (13).   
The results of the experiments with roots infected with root-lesion nematode 
alone were analyzed as was done for experiments with roots infected by both lance and 
root-lesion nematodes.  
 
Results 
 
Experiments with lance nematode and root-lesion nematode.  
 
Overall, there were fewer lance nematodes recovered from corn roots than root-
lesion nematodes, regardless of extraction method and solution used (Figures 1 and 2). 
Averaged over all treatments, the mean number of lance nematodes was 4 per g fresh root 
weight and the mean number of root-lesion nematodes was 123 per g fresh root weight.  
More lance nematodes were recovered using the platform shaker than the 
Baermann funnel.  More precisely, 19-, 16-, 8-, and 13-times more lance nematodes were 
recovered with platform shaker than the Baermann funnel on the third, fifth, and seventh 
days and in total, respectively (Figure 1).  There was no difference in recovery of lance 
nematode for the two solutions on day three and five, but recovery of lance nematodes 
was 160% and 202% more effective with water than mercuric chloride-
dihydrostreptomycin sulfate on day seven and in total (Figure 2).   There was no 
interaction between extraction method and solution for lance nematode (P > 0.05).  
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More root-lesion nematodes were recovered from corn roots with the platform 
shaker than the Baermann funnel for the three individual extraction days and in total.  On 
day three, five, seven, and in total, the platform shaker was 2.5-, 9-, 15- and 5-times more 
effective than the Baermann funnel at extracting root-lesion nematodes respectively, 
(Figure 1).  Moreover, water was 2.5 and 2.3 times more efficient at extracting root-
lesion nematodes than mercuric chloride-dihydrostreptomycin sulfate solution in the fifth 
and seventh days, respectively, while there was no difference between solutions in third 
day and in total (Figure 2).   
There was an interaction between extraction method and extraction solution for 
root-lesion nematodes for all collection days (Table 1).  For Baermann funnel, there was 
no difference between the two solutions (P = 0.23) for total root-lesion nematode counts.  
However, for total counts, water had a greater effect on root-lesion nematode extraction 
when using the platform shaker (P = 0.0197).  Moreover, for total in the platform shaker, 
there was a 132% increase in nematode extraction when using water (Table 1).  Thus, the 
platform shaker recovered more nematodes when water was the solution used for 
extraction.  
On day three, five, seven and in total, there were more lance and root-lesion 
nematodes recovered with the platform shaker than the Baermann funnel.  The platform 
shaker was 2.6-, 9.2-, 14.5-, and 5.5-times more efficient in nematode extraction than the 
Baermann funnel on days three, five, seven and in total, respectively (Figure 1).  There 
were 2.5-, 2.3-, and 1.8-times more lance and root-lesion nematodes combined recovered 
on day 5, 7, and in total with water than with mercuric chloride-dihydrostreptomycin 
sulfate. On day 3, solutions did not have effect on nematode extraction (Figure 2).  There 
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was an interaction between extraction method and extraction solution for lance and root-
lesion nematodes combined for all collection days (Table 2). For Baermann funnel, there 
was no difference between the two solutions (P = 0.24) for total root-lesion nematode 
counts.  There was a difference between the two solutions for platform shaker on day 5, 
7, and in total with P-values of 0.0039, 0.025, and 0.017, respectively.  For total in the 
platform shaker, water recovered 2.4 times more lance and root-lesion nematodes than 
mercuric chloride-dihydrostreptomycin sulfate.  Thus, platform shaker recovered more 
root-lesion and lance nematode when water was the solution used for extraction. 
 
Experiments with root-lesion nematode alone 
There were no differences in numbers of root-lesion nematodes extracted from 
corn roots with Baermann funnel versus platform shaker and with water versus mercuric 
chloride-dihydrostreptomycin sulfate solution at days 3, 5, 7 and in total (Table 3).  Also, 
there was no interaction between extraction method and solution for any of the three 
collection dates and for total nematodes extracted (P> 0.05).   
There were more root-lesion nematodes extracted from radical and seminal roots 
than from nodal roots.  More specifically, there were 1,422%, 568%, 560%, and 971% 
more nematodes extracted from radical and seminal roots than from nodal roots in days 3, 
5, 7, and in total, respectively (Table 3). There was no interaction effect among root type, 
extraction methods and solutions for any of the three collection days and in total.  
There were more unextracted root-lesion nematodes observed in the stained 
radical and seminal roots than in nodal roots (Table 4). But, there was no difference in 
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numbers of nematodes in the stained roots among treatment combinations for radical and 
seminal roots versus nodal roots (P> 0.05).   
 
 
Discussion 
Our results showed that more nematodes can be recovered using water as the 
solution for extraction than by using mercuric chloride-dihydrostreptomycin sulfate.  
Moreover, water is virtually free and easier (less dangerous) to handle than mercuric 
chloride-dihydrostreptomycin sulfate.  Bird (2) observed over 2.6 times more root-lesion 
nematodes (Pratylenchus brachyurus) recovered from cotton roots when using 
ethoxyethyl mercuric chloride-dihydrostreptomycin or mercuric chloride than when using 
water.  In our experiments, 10 mg/L mercuric chloride + 50 mg/L dihydrostreptomycin 
sulfate was used while Bird (2) used 10 mg/L of ethoxyethyl mercuric chloride + 50 
mg/L of dihydrostreptomycin sulfate or 10 mg/L of mercuric chloride. The substitution of 
mercuric compounds could have affected the recovery of endoparasitic nematodes from 
corn roots in our experiments, because the mechanism of nematodes leaving the root is 
still unknown. 
Very few lance nematodes were recovered from the roots compared to the number 
of root-lesion nematodes recovered, regardless of extraction method or solution.  
However, more lance nematodes were recovered from the soil than from the roots (data 
not shown). Although, lance nematodes can be found feeding within roots, they may have 
a preference for ectoparasitic feeding.  Davis and Noe (5) also observed fewer lance 
nematodes recovered from roots than from soil samples in cotton and have recommended 
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extracting them from soil samples. In our experiments, there were fewer counts of lance 
nematodes in third and fifth day from roots, which  may explain the lack of interaction 
between methods and solutions.  Moreover, the lance nematode has a longer life cycle 
(~45 d) (16) than the root-lesion nematode (~30 d) (11).  In short-term experiments 
similar to ours that correspond to one lance nematode generation and two root-lesion 
generations, lance nematodes would reproduce less than root-lesion nematodes, which 
may result in lower nematode counts from root samples.  This type of result was also 
observed by Lewis et al. (9) in experiments with Hoplolaimus columbus Sher.   
At each collection day and in total, there were more root-lesion and lance 
nematodes extracted using the platform shaker than the Baermann funnel, regardless of 
extraction solution.  The platform shaker and the Baermann funnel techniques depend 
upon nematode motility. The nematodes need to move out of the roots to be accessed and 
counted.  It is possible that the Baermann funnel can create an anaerobic or less 
oxygenated environment when left for a long period with the clamps closed, which could 
kill or at least reduce the motility of the living migratory nematodes (10).  Rodrigues-
Kábana and Pope (12) observed incubation periods influencing recovery of Hoplolaimus 
galeatus Cobb.  They recovered lance nematodes in higher numbers before three days 
than after three days.  Our experiments showed same rates of extraction in all periods for 
the platform shaker, but the Baermann funnel recovered more nematodes in the third day 
and showed a decrease of nematodes recovered in the fifth and seventh days.  This result 
indicates that time may be influencing extraction in responses among techniques.  The 
Baermann funnel may require more time to be as effective as the platform shaker.  It 
19 
 
potentially explains why the Baermann funnel was not as efficient as the platform shaker 
for extraction of H. stephanus and P. neglectus in our experiments.  
Our data showed numbers of root-lesion nematodes increasing over time at days 
3, 5, and 7 using the platform shaker method similar with Bird’s (2) results, likely 
indicating that not all nematodes had been extracted from the roots. Unfortunately, the 
numbers of nematodes remaining in the roots after 7 days of extraction were not 
quantified or estimated in these experiments.  In the meantime, even though there was not 
an interaction between extraction method and extraction solution for lance nematode as 
there was for root-lesion nematodes, a consistent result was observed: water was the best 
extraction solution and the platform shaker was the best extraction method to extract 
lance nematodes separately and when they were combined with root-lesion nematode 
counts. 
In contrast to the effects of extraction method and solution observed in the 
experiments conducted with root-lesion and lance nematodes combined, there were no 
differences in recovery of root-lesion nematodes among the treatment combinations in 
experiments conducted with corn roots infected with root-lesion nematode alone.  Two 
possible reasons for these inconsistent results are that the combination of nematodes in 
the first experiments may have influenced each other or that effects of extraction solution 
and/or method are dependent on nematode numbers because root-lesion numbers were 
substantially higher in experiments with root-lesion nematode alone than in experiments 
with lance and root-lesion nematodes together.  Additional studies on lance and root-
lesion nematodes and with each nematode alone are needed to better understand if 
extraction varies by these factors. 
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In the experiments with root-lesion nematode alone, root type had an effect on the 
number of nematodes extracted.  Root-lesion was recovered in higher numbers from 
radical and seminal roots than from nodal roots.  This result was consistent with the 
numbers of unextracted root-lesion nematodes found in the stained corn roots; there were 
higher root-lesion nematode counts in radical and seminal roots than in the nodal roots.  
Radical and seminal roots are the first root type to develop from seed to search for food 
and also they develop high numbers of root hairs that attract root-lesion nematodes (22).  
It is the first food source for plant-parasitic nematodes, and for root-lesion nematodes 
have been shown to be preferable to nodal roots in experiments with corn inbreds (7).  
Our results also showed higher numbers of root-lesion nematodes in radical and seminal 
roots in a corn hybrid.  However, our experiments may not be representative of what 
happens in field situations. We conducted experiments at 27 ºC, which in the Midwest 
this temperature is reached around June.  At this period, radical and seminal roots have 
had been developed and likely are not playing an important role in the corn plant 
development.     
Plant disease clinics that receive and process a large amount of material need to 
obtain results accurately and rapidly, so for root-lesion nematodes, we recommend 
extracting nematodes from radical and seminal roots for three days using water on 
platform shaker.  The rate of root-lesion nematode extraction was similar on day three, 
five and seven. So leaving the extraction process run until third day is recommended as 
well as extracting from radical and seminal roots, where higher numbers of nematodes 
aggregate.  For research projects, where more comprehensive data are required, 
extracting nematodes for seven or more days would be better using water on a platform 
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shaker for both nematodes and extracting from radical and seminal roots for extraction of 
root-lesion nematodes.  Our experiments may not have extracted all the nematodes within 
roots, so continuing the extraction process for seven and likely more days might obtain 
greater numbers of nematodes from corn roots. 
Our results are directed to corn roots and results may vary among hosts and 
nematode species.  Different results were observed for cotton that responded differently 
to mercuric chloride and water (2), where there was better recovery in mercuric chloride 
than water after seven days.  Thus, further research has to be done for other crops and 
with other endoparasitic nematode species in order to apply these same extraction 
procedures. 
Platform shakers are common equipment in laboratories of nematode analysis.  
Our results showed that using water on platform shaker with radical and seminal roots is 
an efficient technique.  It is also an inexpensive technique that is simple to assemble.  
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Figures and Tables 
 
 
  
 
Fig. 1.  Main effect of root-lesion and lance nematodes per gram of fresh weight of root 
tissue collected on different days with the platform shaker and Baermann funnel methods. 
More root-lesion, lance nematodes, and lance and root-lesion nematodes combined were 
recovered using the platform shaker at all three collection days and in total   (P≤ 0.05). 
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Fig. 2. Main effect of root-lesion and lance nematodes per gram of fresh weight of root 
tissue collected on different days in water and mercuric chloride-dihydrostreptomycin 
sulfate solution.   More root-lesion nematodes were extracted using water at days 5 and 7, 
more lance nematodes at day 7 and in total, and more lance and root-lesion nematodes 
combined at day 5, 7 and in total (P≤ 0.05). 
 
 
 
 
 
 
 
 
  
0
20
40
60
80
100
120
140
160
lance root-lesion
─ day 3 ─ ─ day 5 ─ ─ day 7 ─ ─ total ─ 
─ day 3 ─ ─ day 5 ─ ─ day 7 ─ ─ Total ─ 
 N
u
m
b
er
 o
f 
n
em
at
o
d
es
/g
 o
f 
fr
es
h
 r
o
o
t 
  
2
6
 
 
Table 1. Interactive effects of extraction method and extraction solution for number of root-lesion nematodes on the three 
collection days and in total and respective P values.  
                            
 
 
 
 
 
 
 
 
x
Mercuric chloride-dihydrostreptomycin sulfate. 
 
 
 
 
 
 
Baermann funnel Platform shaker 
Method  Solution 
(P > F) 
Collection 
Day Water HgCl2-strep
x
 Water HgCl2-strep 
3 16 37   80  52   0.0459 
5  2 13 108  30 0.007 
7  5  5 102  43 0.031 
Total 23 55 290 125   0.0057 
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Table 2. Interactive effects of extraction method and extraction solution for number of root-lesion and lance nematodes 
combined on the three collection days and in total and respective P values.  
 
 
Baermann funnel Platform shaker 
Method  Solution 
(P > F) 
Collection 
Day Water HgCl2-strep
x
 Water HgCl2-strep 
3 16 37   86  54 0.0350 
5  2 14 112  30 0.0005 
7  6  5 105  44 0.0287 
Total 24 56 303 128 0.0045 
 
x
Mercuric chloride-dihydrostreptomycin sulfate. 
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Table 3.  Main effect of root type, extraction method, and extraction solution on recovery of root-lesion nematodes from corn 
roots infected with root-lesion nematodes alone.  
 
 
Collection  Day 
Factors 3
rd
 5
th
 7
th
 Total 
Rad./Sem.
x 
20,581 A
*
 6,105 A 3,941 A 31,230 A 
Nodal  1,352 B    920 B    597 B   2,917 B 
 
Baermann funnel 15,140 A 3,492 A 2,144 A 20,844 A 
Platform shaker 28,725 A      10,558 A 6,744 A 46,027 A 
 
H2O 25,630 A 8,237 A 5,873 A 39,738 A 
HgCl2
y
 18,235 A 5,813 A 3,015 A 27,133 A 
     
x
Radical and seminal roots. 
y
Mercuric chloride-dihydrostreptomycin sulfate.
  
*
Within a factor in the column, means followed by different letters are different at P ≤ 0.05 according to Fisher’s 
LSD. 
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Table 4. Estimated number of root-lesion nematodes remaining in the corn roots infected with root-lesion nematodes alone 
after seven days of extraction. 
   
  Nematodes per g fresh root 
 Method  Solution Rad./Sem.
x
 Nodal 
Platform shaker H2O 2,039 64 
Platform shaker HgCl2
y
 1,508 34 
Baermann funnel H2O 2,455 50 
Baermann funnel HgCl2 2,181 46 
    
x
Radical and seminal roots. 
y
Mercuric chloride-dihydrostreptomycin sulfate.
  
Within columns, there were not differences in numbers among treatments at P ≤ 0.05 according to Fisher’s 
LSD. The number of nematodes in radical and seminal roots was greater than the number in nodal roots for all 
four method-solution combinations (ANOVA P ˂ 0.05). 
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CHAPTER 3 
 
REPRODUCTION OF PRATYLENCHUS NEGLECTUS AND HOPLOLAIMUS 
STEPHANUS ON FIFTEEN CORN LINES 
A paper to be submitted to Plant Health Progress 
 
Mychele B. da Silva and Gregory L. Tylka 
 
Abstract 
Resistance to plant-parasitic nematodes is an important management strategy for 
any host crop.  However, no commercially corn lines resistant to root-lesion and lance 
nematode are available.  Screening for resistant corn lines is the first step to provide 
sources of resistance for breeding programs. Experiments comparing overall nematode 
reproduction of Pratylenchus neglectus and Hoplolaimus stephanus on fifteen corn lines 
were conducted.  The corn lines were replicate six times each and were grown in soil 
infested with both nematodes.  A 3-g root sample, comprised of the nodal and radical and 
seminal roots, was collected from each corn line and nematodes were extracted from the 
roots for seven days.  The initial population densities (Pi), final population densities (Pf) 
and reproductive factor (RF = Pf/Pi) were compared among corn lines.  The experiment 
was conducted three times, and results were not consistent among the three runs. For 
example, the corn line Mp710 had low Pf numbers for root-lesion nematodes in the first 
run of the experiment, but for second and third run of the experiment, Pf values were 
observed moderate and low, respectively.  Pi varied for the three runs of the experiments 
for root-lesion nematodes, lance nematodes, and root-lesion and lance nematodes 
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combined.  There were no consistent results among corn lines and among experiments for 
Pf and RF for root-lesion and root-lesion and lance nematode combined.  VA35 and 
DKC61-69 are potential susceptible and resistant corn lines, respectively, to H. 
stephanus. A second type of experiment was conducted to compare nematode numbers 
from radicals and seminal and nodal roots.  Corn lines were replicated four times each 
and were grown in soil infested with both root-lesion and lance nematodes, and 
nematodes were extracted during seven days from radical and seminal roots and 
compared to those extracted from the nodal roots separately.  The experiment was 
conducted twice, but there were no nematodes recovered from roots in the second run of 
the experiment.  For the experiment comparing nematode numbers from the radical and 
seminal roots versus the nodal roots, there was greater root-lesion nematode reproduction 
in the radical and seminal roots than in the nodal roots for B73xMo17 and VA35.  
However, there was no difference in nematode number in radical and seminal roots and 
nodal roots among corn lines for lance nematode.  For root-lesion and lance nematodes 
combined, radical and seminal roots supported more nematodes than the nodal roots in 
B133 and B73xMo17 lines. The proportion of root-lesion nematode, lance nematodes and 
root-lesion and lance nematodes combined in the radical and seminal roots versus the 
nodal roots varied among corn lines.  Some corn lines had a greater proportion of 
nematodes in the radical and seminal roots than in the nodal roots and other lines had the 
opposite result. 
 
 
 
32 
 
Introduction 
In corn (Zea mays, L.), root-lesion (Pratylenchus Filipjev) and lance 
(Hoplolaimus Daday) nematodes injure root systems, resulting in yield loss (13, 21).  
These nematodes feed within roots and are thus defined as endoparasites.  Methods of 
control such as growing nonhost crops and using soil nematicides have been used.  
However, the wide host ranges of these endoparasites have hindered the effectiveness of 
growing nonhost crops to reduce nematode population densities.  Moreover, soil 
contamination and high animal and human toxicity of soil-applied nematicides have been 
reported, reducing the interest in using this management strategy (2, 12).   
In general, another option to reduce population densities of plant-parasitic 
nematodes is to grow nematode-resistant crop varieties.  For example, there are more 
than 750 soybean varieties with resistance to soybean cyst nematode available for Iowa 
soybean farmers (20).  Unfortunately, there are no known root-lesion- or lance-nematode-
resistant corn hybrids available commercially. Since inbred corn lines are the base of 
breeding programs for production of new hybrids, it is important to investigate their 
ability to support nematode reproduction.     
Screening for corn lines, inbreds or hybrids that already exist, is less costly than 
producing new corn lines that are resistant to plant-parasitic nematodes.  Screening of 
corn lines for resistance to lance and root-lesion nematodes has been reported in the past 
(3, 22).  For example, inbreds Mo17Ht, B73Ht and B73HtxMo17Ht did not differ for P. 
scribneri counts; all supported high nematode numbers (22).  In contrast, there was 
potential for nematode resistance in corn inbred lines Mo17 and B73, described by 
Georgi et al. (4). There were fairly high numbers of Pratylenchus hexincisus on Mo17 
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and low nematodes number on B73.  Several inbred and hybrid corn lines were tested for 
resistance to Paratrichodorus minor by Timper et al. (19), and the hybrids were observed 
to be more resistant than inbred lines.  Hybrids Croplan 822RR2/Bt, SS 842RR, Garst 
8200YGI, and Pioneer 31G98 were observed to be moderate resistant in this study, while 
no inbred lines were found to be resistant to P. minor.  Numbers of P. minor extracted 
from the inbred lines did not differ from the susceptible control, and among the inbred 
lines, VA35 supported one of the highest numbers of nematodes (19).   
Inbred lines are homozygotes and, consequently, they have less vigor than 
hybrids, which can be homozygotes or heterozygotes. In addition, hybrids may have an 
advantage over inbred lines genetically. The inbred lines are genetically unstable, which 
over time deleterious traits manifest reducing population fitness and may change to a new 
inbred population (15). 
B73 and Mo17 are corn inbred lines that are commonly used in corn breeding 
programs.  They are the parents of B73xMo17 from a single cross.  This hybrid was a 
widely sold hybrid in the 1970’s. Difficulties in large scale production of seed made this 
hybrid no longer available commercially (17).  Another inbred corn line released in the 
late 1980s that is resistant to the fungal pathogen Stenocarpella maydis and northern leaf 
blight in corn is SD45 (23).  SD45 supported high numbers of P. scribneri and P. 
hexicinsus in greenhouse and field conditions (18). 
The numbers of root-lesion nematodes in corn may increase rapidly depending 
upon the hybrid or inbred infected.  In Michigan, the estimated damage threshold for 
root-lesion nematode is 250 and for lance nematode is 50-100 per g dry root on corn (21).  
For some locations thresholds may be higher and the average of root-lesion and lance 
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nematodes in the Midwest have been estimated to be around 1,000 and 300-400 
nematodes per g dry root, respectively.  To be useful, a resistant corn line would need to 
support nematode reproduction below the damage threshold.  However, searching for a 
corn hybrid resistant to root-lesion nematode and lance nematode is a hard task, because 
plant-parasitic nematodes are well adapted to corn and environmental conditions.  In 23 
days of corn growth, population densities of P. scribneri on the hybrid and inbred lines 
B73Ht and B73HtxMo17Ht increased over four and three times the initial population in 
the roots, respectively (22).  Sweet corn infected with H. galeatus, with an initial 
inoculum density of 200 nematodes per plant, increased population densities seven times 
after 60 days (1). These results show the challenge of searching for nematode-resistant 
corn lines. 
However, corn lines have changed in the past decades and new screening is 
necessary to search for potential resistant corn lines.  The goals of this research were (i) 
to compare reproduction of root-lesion and lance nematodes on fifteen corn lines; and (ii) 
to compare numbers of root-lesion and lance nematodes present in the radical and 
seminal roots and nodal roots of the fifteen different corn lines. 
 
 Materials and Methods  
Two types of experiments were conducted.  Initial experiments examined 
reproduction of a mixed population of lance nematodes and root-lesion nematodes on 
fifteen corn lines.  Subsequent experiments studied differences in nematode population 
densities in the radical and the seminal and nodal roots for the same fifteen corn lines 
used in the first experiments.   
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Experiments Comparing Overall Nematode Population Densities. 
Corn lines. Reproduction of root-lesion and lance nematodes was compared on two 
commercial corn hybrids and 13 inbred corn lines. Some basic characteristics of the 15 
corn lines used in the experiment are given in Table 1. 
 
Nematode culture. Soil from a Nebraska field naturally infested with a mixed population 
of Pratylenchus neglectus (Rensch 1924) Filipjev Schuurmanns & Stekhoven 1941 and 
Hoplolaimus stephanus Sher, 1963 was used in the experiments.  The soil was placed in 
15.2-cm-dia. clay pots.  Each pot was sown with three seeds of one of the 15 corn lines, 
but only one plant was kept per pot. The two other plants were cut off at the soil surface 
after two weeks, but their roots still remained in the soil.  Each corn line had six 
replicates in the experiment. The plants were grown in greenhouse at 27 
o
C ± 2 for 60 d.  
The experiments was conducted three times. 
 
Nematode extraction from soil samples.  After the pots were filled with infested 
soil, a soil sample was taken from each pot using a 2.5-cm-dia. soil probe to determine 
the initial nematode population density (Pi).  The nematodes were extracted from soil 
using a modified wet-sieving/decanting technique (5).  In a bucket, the 100cc soil sample 
was suspended in 3.8 L of water, mixed by hand for 15 sec. and left unagitated for 15 sec. 
The soil-water suspension then was poured through sieves with apertures of 850 µm, 38 
µm, and 25 µm that were stacked in descending order of pore size.  The root fragments 
from soil were collected on the 850-µm-pore sieve and placed on a 10-cm x 10-cm square 
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piece of tissue paper that was folded over the root fragments and supported by a 2.3-cm x 
2.3-cm wire metal screen in a Baermann funnel filled with water.  The Baermann funnel 
was drained on the third day, and root-lesion and lance nematodes were counted.   
Nematodes and other organic materials were separated from the debris collected 
on the 38-µm- and 25-µm-pore sieves by the sugar flotation-sieving technique (11).  
Because root-lesion and lance nematode juveniles are very small and may have passed 
through the 38-µm-pore sieve, the 25-µm-pore sieve was used in these experiments. 
To determine final soil population densities of nematodes (Pf) after 60 days, the 
exact same procedures as described above were used. 
 
Nematode extraction from root samples.  At 60 days, soil was washed from roots 
of individual plants which were then chopped into 1-cm-long fragments.   A 3-g root 
sample from each pot, which was a mix of radical and seminal and nodal roots, was 
added to a 125 ml flask with 37.5 ml of tap water and the flask opening was covered with 
aluminum foil.  All the 90 flasks (15 corn lines x 6 replicates) were put at the platform 
shaker and incubated at 20
o
C at 100 rpm for seven days.  Nematode collection started in 
the third day and nematodes were collected from flasks by using 850-µm and 25-µm-pore 
sieves that were stacked, with the larger pore sieve on top.  The larger pore sieve 
collected roots fragments that came from the flasks and the nematodes retained in the 25-
µm-pore sieve were transferred to a 50-ml beaker.  Roots fragments were returned to the 
flasks to continue extraction for five and seven days. The nematodes were concentrated 
and counted from the third, fifth and seven days of collection. 
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Calculating overall nematode population densities. Initial nematode population 
densities were calculated by summing root-lesion and lance nematode densities recovered 
on the 38-µm- and 25-µm-pore sieves. Nematode numbers from the 25-µm-pore sieves 
were low, so there was no need to analyze those separately; they were combined with 
nematode counts from 38-µm-pore sieve.  Root-lesion and lance nematode counts from 
root fragments also were combined with soil counts to formulate the total Pi for each pot.  
Final nematode population densities were calculated as was done to calculate Pi, 
but with one addition.  Nematode numbers from root samples collected after 60 days 
were added to soil population densities.   
A nematode reproductive factor (RF) was calculated to determine how the 
nematode population densities increased or decreased over 60 days in the experiment. 
The RF value was calculated by dividing Pf by Pi for each individual pot.   
 
Comparison of Nematode Numbers from Nodal Roots and from the Radical and 
Seminal Roots  
Experiments were conducted to assess and compare number of nematodes that 
occurred in the radical and seminal roots versus nodal roots. Experiments were conducted 
in the exact same manner as the Experiments Comparing Overall Nematode Population 
Densities described above, with the following exceptions. Sixty pots were sown with 
three seeds per pot, and just one plant was kept per pot.  The two other plants were cut off 
after two weeks, but their roots still remained in the soil until the end of the experiment.  
The single plant grew for 46 more days.  Each corn line was replicated four times.  The 
roots of each type were washed free of soil, and the radical, the seminal roots, and the 
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nodal roots were separated.  The roots were chopped into 1-cm-long fragments and a 3-g 
sample from each pot was arbitrarily selected from nodal roots for nematode extraction.  
The radical and seminal roots represented a small amount of the total root system, so it 
was necessary to use the entire amount of radical and seminal roots from the corn lines 
collected for nematode extraction.  The radical and seminal roots were weighed and then 
added to flasks for nematode extraction as was done with the nodal roots.  After seven 
days of nematode extraction, the nodal roots and the radical and seminal roots were dried 
for 4 days at 37 
o
C and weighed. The experiment was conducted twice. However, the 
second run of the experiment had very low nematode counts, for unknown causes, so just 
one run of the experiment was analyzed and presented here. 
 
Data Analysis 
Experiments Comparing Overall Nematode Population Densities.  The results for the 
first, second, and third run of the experiment were analyzed separately.  There were 180 
data points for each factor analyzed.  The three factors were: Pi (initial soil and root 
fragment nematode counts), RF (Reproductive factor, Pi/Pf), and Pf (final nematode 
counts from soil, from root fragments extracted from soil and from root sample).  Each 
experiment was arranged in a randomized complete block design experiment to compare 
the main effects of the 15 corn lines.  Nematode data were log-transformed [log e (x)] 
due to unequal variances in the original data, and any interpretations of group 
comparisons will be in ratio form due to the transformation.  Data were analyzed by using 
the general linear model (GLM) procedure and least square mean adjusted Tukey’s test 
on Statistical Analysis System software (16).   
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Comparison of Nematode Numbers from Nodal and Radical and Seminal Roots.  
There were 120 data points analyzed for each nematode.  Data were analyzed by using 
the general linear model (GLM) procedure and mean separation by using Fisher’s Least-
Significant-Difference (LSD) test on Statistical Analysis System software (16).   
 
Results 
Experiments Comparing Overall Nematode Population Densities 
There were differences in Pf and RF values throughout the three experiments.  
There were three runs of the experiment. For root-lesion nematodes, there were similar, 
but low Pi values in the first and third runs of the experiment.  The Pi in the second run 
was three times as large (Table 2).  The Pfs varied among the runs of the experiment and 
among the corn lines.  In Run 1, the highest nematode reproduction occurred on B116, 
B133, Mo17, SD45, and VA35, while in Run 2 and Run 3, DKC61-69 and Mp712 
supported the highest nematode numbers.  B166 and Mo17 had the lowest Pf values for 
root-lesion nematode, which was the opposite of Run 1.  The greatest RFs occurred on 
B133 and DKC61-69 in Run 1 and Run 2, respectively. The RFs were consistent with the 
Pfs in the same run of the experiment.  No differences were observed among the corn 
lines in Run 3 (Table 2).  
Initial lance nematode counts were greatest for Run 1, less for Run 2 and lowest for 
Run 3 (Table 3).  Pfs of root-lesion and lance nematode varied among the corn lines and 
all corn lines showed variation among the three runs of the experiment.  In Run 1, Pfs of 
Mo17 and VA35 were high nematode reproduction and differed from DKC61-69, which 
had the lowest lance nematode counts.  In Run 2, results with VA35 and DKC61-69 were 
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consistent with Run 1.  Pfs in Run 3 were not consistent with Run 1 and Run 2.  In Run 3, 
B125 had the highest Pf and Mp710 the lowest Pf.  The results from Run 3 were not 
consistent with Run 1 and Run 2.  The RFs and Pfs in Run 1 and Run 2 were consistent 
for VA35, Mo17 and DKC61-69.  Although, Mp711, Mp712, B133, and B110 Pf’s had 
high nematode numbers in Run 2, there were response variation among the three runs of 
the experiments. RF’s and Pf’s were not consistent with each other in Run 3 (Table 3). 
Pi for lance and root-lesion nematodes combined decreased from Run 1 to Run 3.  
The combined Pfs of both nematodes combined indicated that Mo17 was more 
susceptible than DKC61-69 in Run 1.  However, there were no differences among corn 
lines in Run 2 or 3 (Table 4).  RFs were not consistent among corn lines from one run of 
the experiment to another.  RFs for lance and root-lesion nematodes combined were 
lowest on Mp710, B73, and Mo17 in Run 1, Run 2 and Run 3 respectively.  However, 
Mo17 in Run 1 had shown high nematode numbers, which was opposite to what occurred 
in Run 3. 
 
Comparison of Nematode Numbers from Nodal and from the Radical Seminal 
Roots  
The radical and seminal roots supported more root-lesion nematodes reproduction 
in B73xMo17 and VA35 lines than the other corn lines. B73xMo17 had the highest root-
lesion nematodes numbers from the radical and seminal roots and the nodal roots (Table 
5).  The other thirteen corn lines did not have a difference in root-lesion nematode 
reproduction.  The proportion of root-lesion nematodes in the radical and seminal roots 
was higher in B73 and B73xMo17 than the other ten corn lines (Figure 1). The root-
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lesion nematodes recovered from the radical and the seminal roots represented 96% and 
79% for B73 and B73xMo17, respectively. However, for B125 the proportion of root-
lesion nematodes in the radical and the seminal roots was low, representing just 35% of 
the total number of nematodes in the radical and roots combined (Figure 1). 
There was no difference in number of lance nematodes recovered from the radical 
plus seminal roots versus the nodal roots among corn lines.  However, VA35 was the 
corn line with the highest total nematode counts (Table 5).  The proportion of lance 
nematodes in the radical plus the seminal roots in Mp712 differed from DCK61-69, B73, 
and B125. The Mississippi corn line Mp712 supported 77% of lance nematodes in the 
radical and seminal roots, while DCK61-69, B73, and B125 supported just 25%, 17%, 
and 14%, respectively (Figure 2).  
For root-lesion and lance nematodes combined, B133 and B73xMo17 supported 
more nematodes in the radical and the seminal roots than in the nodal roots.  Also, B133 
and B73xMo17 had the highest numbers of root-lesion and lance nematodes in the radical 
and the seminal the nodal roots combined (Table 5).  However, the proportion of lance 
and root-lesion nematodes in corn roots was not consistent with the corn lines.  B73 had a 
higher proportion of lance and root-lesion nematodes in the radical and seminal roots, 
accounting 96%, differing from B104, with just 35% of the nematodes in the radical and 
seminal roots (Figure 3).   
 
Discussion 
There were inconsistencies in the results of reproduction of root-lesion and lance 
nematodes on the 15 corn lines among the three runs of the experiment for Pf and RF.  
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For example, the corn line Mo17 had one of the highest root-lesion nematode Pf in the 
Run 1, but then was observed as intermediate to low Pf in Runs 2 and 3, respectively.  
Moreover, corn lines were not different in Run 3 for RF while Run 1 and Run 2 were 
observed differences, but no consistent results between the two runs of the experiments.  
This inconsistency was also observed in screening experiments for root-lesion and 
stubby-root nematodes of other researchers (18, 19).  Smolik and Wicks (18) observed 
the inbred 84772 support low numbers of P. hexincisus in one run of an experiment, but 
higher numbers in a second run of the experiment.  
For corn, the endoparasitic nematodes reproduce initially in the primary roots, 
called the radical and the seminal roots.  The secondary root type develops, called nodal 
roots, and new feeding sites become available.  Nematodes may prefer one root type over 
another.  Georgi et al. (4) observed feeding preference in radical and seminal roots than 
nodal roots for P. hexincisus in experiments with four corn inbreds after nine weeks. 
However, no difference between root types was observed in week 3 and week 6.  Our 
initial experiments used the entire root system, including nodal and radical and seminal 
root types combined, after 60 days of plant growth.  This may have influenced the 
inconsistent results for root-lesion and lance nematodes, because in later experiments, 
some corn lines had a higher proportion of root-lesion and lance nematodes in the radical 
and seminal roots combined and some other in the nodal roots, such as B73xMo17 and 
B125, respectively.   
Breeding programs may consider DCK61-69 as a resistant corn line for lance 
nematodes and VA35 as a susceptible one, even though the results for these corn lines 
were consistent in only two of three runs of the experiment.  In the radical and seminal 
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roots and nodal roots experiments, means among corn lines did not differ statistically for 
lance nematodes. However, a higher proportion of lance nematodes was found in the 
radical and seminal roots of VA35 and in the nodal roots for DCK61-69. Thus, root types 
also may have influence the different reproductive responses for lance nematodes. The 
corn line VA35 seems to be susceptible to some plant-parasitic nematodes. In our results, 
this corn line supported high numbers of root-lesion and lance nematode. Timper et al. 
(19) also observed VA35 supporting high numbers of P. minor and this corn line was 
used as a susceptible control for their experiments.  
More studies on these fifteen corn lines need to be done to clarify results for root-
lesion and lance nematodes.  Also, other corn lines need to be explored for more 
nematode resistance options for breeding programs. The different root types and 
environment conditions are factors that may be considered in controlled experiments to 
obtain reliable results.     
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Figures and Tables 
 
 
Fig. 1. Proportion of root-lesion nematodes found in the radical and in seminal roots 
(seminal) versus in nodal roots (nodal) for fifteen corn lines. Bars not followed by the 
same letter are different at P ≤ 0.05 according to Fisher’s LSD. 
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Fig. 2. Proportion of lance nematodes found in the radical and in seminal roots (seminal) 
versus in nodal roots (nodal) for fifteen corn lines. Bars not followed by the same letter 
are different at P ≤ 0.05 according to Fisher’s LSD. 
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Fig. 3. Proportion of root-lesion and lance nematodes combined found in the radical and 
in seminal roots (seminal) versus in nodal roots (nodal) for fifteen corn lines. Bars not 
followed by the same letter are different at P ≤ 0.05 according to Fisher’s LSD. 
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Table 1. Features of the corn lines used in the greenhouse experiments. 
   
corn line Type feature 
DKC61-
69 
Hybrid 
Commercial Dekalb
®
 corn hybrid (Monsanto Company, St. Louis, 
MO) used to culture nematodes for use in these experiments  
B104 Inbred Public stiff stalk line, used for breeding (9) 
B110 Inbred Public stiff stalk line, used for breeding (8) 
B116 inbred Public non-stiff stalk line, used for breeding (7) 
B125 inbred 
Early public non-stiff stalk line, used in breeding, derived from a 
narrow base synthetic (BSKRL2) composed of the five inbreds B90, 
B91, B95, B97, amd B99 (K.R. Lamkey, personal communication) 
B133 inbred 
Public line used for breeding, derived from a population of tropical 
origin called BS31 (K.R. Lamkey, personal communication) 
B73 inbred Early, widely used public stiff stalk line, used for breeding (14) 
Mo17 inbred Early, widely used public non-stiff stalk line, used for breeding (25) 
B73 x 
Mo17 
hybrid 
Popular public hybrid grown widely in the 1970s and early 1980s 
(6), related to many female lines currently in use 
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Mp709 inbred 
germplasm lines with resistance to southern (Meloidogyne 
incognita) and peanut (M. arenaria) root-knot nematode (24).  
Mp710 inbred 
Mp711 inbred 
Mp712 inbred 
SD45 inbred 
Public line (23), reported to support high numbers of Pratylenchus 
hexincisus and P. scribneri in greenhouse experiments (18) 
VA35 inbred 
Public line related to B73, commonly used in hybrids in the United 
States (10) 
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Table 2. Reproduction of root-lesion nematodes on 15 corn lines in three runs of a 60-
day-long greenhouse experiment. 
  
  Pf
x
  RF
y
 
Corn line 
 Run 1 
(Pi
z
 = 8) 
Run 2 
(Pi = 29) 
Run 3 
(Pi = 8) 
Run 1 
(Pi = 8) 
Run 2 
(Pi = 29) 
Run 3 
(Pi = 8) 
B73     680    cd    528      d 2,406 ab       71       de   10       d 207 
B104  3,883 ab 1,375   bcd 1,647 ab     515 abc   48 abcd 155 
B110  3,674 ab 1,706 abcd 1,710 ab     225 abcde   35 abcd 338 
B116  5,548 a 1,276   bcd    631   b     903 ab   29   bcd  67 
B125  2,851 abc 2,340 abc 2,963 ab     301 abcd 100 abc 244 
B133  6,403 a 2,156 abcd 2,562 ab  1,207 a 110 abc 534 
B73xMo17  3,641 ab    625     cd    503   b     441 abcd   19    cd  71 
DKC61-69  1,704 abcd 7,003 a 1,294 ab     166   bcde 195 a  86 
Mo17  4,650 a    677     cd    643   b     565 abc   21   bcd  63 
Mp709  1,855 abcd    946   bcd 1,438 ab    195 abcde   66 abc 209 
Mp711     775  bcd 2,055 abcd 2,369 ab      99     cde 120 ab 161 
Mp712  1,842 abcd 2,999 ab 4,600 a    232 abcde 124 ab 360 
Mp710     402      d 1,589   bcd 1,564 ab       36         e   84 abc 244 
SD45  4,789 a 2,030 abcd 1,060 ab     807 ab 116 ab   84 
VA35  5,215 a 1,678 abcd 2,334 ab     363 abcd   39 abcd 286 
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x
Pf = final population densities: sum of nematodes extracted from soil, root fragments, 
and 3g of root samples after 60 days. 
y
RF = reproductive factor        . 
z
PI = initial nematode population density: sum of nematodes extracted from soil at the 
beginning of the experiment. 
The data were transformed via [log e (x)] prior to analysis. Values presented in tables are 
the back-transformed least square means of six replications per corn line.   
Within columns, means not followed by the same letter are different at P ≤ 0.05 
according to analysis of variance followed by Tukey’s honest-significant-difference 
(HSD) test. 
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Table 3. Reproduction of lance nematodes on 15 corn lines in three runs of a 60-day-long 
greenhouse experiment.  
  
  Pf
x
 
 
RF
y
 
Corn lines 
 Run 1 
(Pi
z
 = 300) 
Run 2 
(Pi = 150) 
Run 3 
(Pi = 56) 
Run 1 
(Pi = 300) 
Run 2 
(Pi = 150) 
Run 3 
(Pi = 56) 
B73  565 ab 135 abc   50 ab  2.0 ab 0.7   bcd 1.3 ab 
B104  165     cd 193 ab 104 ab  0.5     cd 1.3 abc 1.6 ab 
B110  382 abc 234 a   49 ab 1.2 abc 1.6 abc 1.1 ab 
B116  456 ab 121 abc   53 ab 1.5 ab 0.8 abcd 1.7 ab 
B125  453 ab 157 abc 125 a 1.3 abc 1.2 abc 1.7 ab 
B133  329   bcd 208 a   65 ab 1.0   bcd 2.0 a 0.9 ab 
B73xMo17  274   bcd 131 abc   37 ab 1.3 abc 1.0 abcd 0.6 ab 
DKC61-69    45          e   76     c   73 ab  0.2         e 0.4       d 1.1 ab 
Mo17  907 a 172 abc   43 ab  3.0 a 1.3 abc 0.5 ab 
Mp709  502 ab 137 abc   55 ab 1.5 ab 0.6      cd 1.1 ab 
Mp710  302   bcd 172 abc   24   b 1.1 ab 1.2 abcd 0.3   b 
Mp711  543 ab 203 a   53 ab 2.0 ab 1.5 abc 1.3 ab 
Mp712  397 abc 252 a   53 ab 1.4 ab 1.9 ab 1.1 ab 
SD45  151       d   88   bc   59 ab  0.4       de 0.6     cd 1.4 ab 
VA35  841 a 216 a 106 ab  3.0 a 1.1 abcd 1.9 a 
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x
PF = final population densities: sum of nematodes extracted from soil, root fragments, 
and 3g of root samples after 60 days. 
y
RF = reproductive factor        . 
z
Pi = initial nematode population density: sum of nematodes extracted from soil at the 
beginning of the experiment. 
The data were transformed via [log e (x)] prior to analysis. Values presented in tables are 
the back-transformed least square means of six replications per corn line.   
Within columns, means not followed by the same letter are different at P ≤ 0.05 
according to analysis of variance followed by Tukey’s honest-significant-difference 
(HSD) test. 
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Table 4. Reproduction of lance and root-lesion nematodes combined on 15 corn lines in 
three runs of a 60-day-long greenhouse experiment. 
  
  Pf
x
  RF
y
 
Corn line 
 Run 1 
(Pi
z
 = 309) 
Run 2 
(Pi = 181) 
Run 3 
(Pi = 66) 
Run 1 
(Pi
z
 = 309) 
Run 2 
(Pi = 181) 
Run 3 
(Pi = 66) 
B73  301 abc 116   42    5 ab   3     c 51 ab 
B104  172     cd 195 146  12 a   9 abc 24 abc 
B110  389 ab 165   52 12 a 10 abc 37 abc 
B116  404 ab 136   58 20 a   7   bc 17 abc 
B125  267 abc 193   81 10 ab 17 ab 37 abc 
B133  212   bcd 175   81 21 a 20 ab 35 abc 
B73xMo17  160     cd 139   60 18 a   5   bc   9   bc 
DKC61-69  118       d 211   78     7 ab 33 a 17 abc 
Mo17  422 a 145   46   16 a   5   bc   7     c 
Mp709  227 abcd 161   45   7 ab   5   bc 27 abc 
Mp710  217   bcd 195   37   3   b 11 abc 21 abc 
Mp711  181     cd 132   57   5 ab 15 ab 44 ab 
Mp712  212   bcd 256   53    8 ab 21 ab 78 a 
SD45  162     cd 124   54  13 a 13 ab 21 abc 
VA35  271 abc 214   54  19 a   9 abc 38 abc 
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x
PF =  final population densities: sum of nematodes extracted from soil, root fragments, 
and 3g of root samples after 60 days. 
y
RF = reproductive factor        . 
z
Pi = initial nematode population density: sum of nematodes extracted from soil at the 
beginning of the experiment. 
The data were transformed via [log e (x)] prior to analysis. Values presented in tables are 
the back-transformed least square means of six replications per corn line.   
Within columns, means not followed by the same letter are different at P ≤ 0.05 
according to analysis of variance followed by Tukey’s honest-significant-difference 
(HSD) test.
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Table 5. Reproduction of root-lesion nematodes, lance nematodes, and root-lesion and lance combined in seminal and nodal roots on 
15 corn lines in one 60-day-long greenhouse experiments. 
 
 Root-lesion per g Lance per g Root-lesion + Lance per g 
Corn line Rad./Sem.
x 
Nodal Total Rad./Sem. Nodal Total Rad./Sem. Nodal Total 
B104      653
y
 1,112 1,765   31   52 84      684 1,164 1,848 
B110   7,224 4,679 11,903 286 167 453   7,510 4,846 12,356 
B116   1,040    504 1,544   40   13 53   1,080    517 1,597 
B125      909    982 1,891   17   23 40      926 1,005 1,931 
B133   2,650 1,487 4,137 292   58 350   2,942* 1,545 4,487 
B73   1,122      40 1,162   20     8 28   1,142      48 1,190 
B73xMo17 14,422* 3,166 17,688 673 115 788 15,095* 3,281 18,376 
Mo17   3,119 1,072 4,191   43   18 61   3,162 1,090 4,252 
Mp709    925    901 1,826   78   40 118   1,003    941 1,944 
Mp710   1,338    903 2,241 244   29 273   1,581    933 2,514 
  
5
8
 
Mp711   4,600 2,075 6,675 325 305 630   4,905 2,400 7,305 
Mp712   4,473 2,667 6,548 436 250 686   4,909 2,917 7,826 
SD45   6,871 3,187 10,058 392 132 524   7,263 3,319 10,582 
VA35   8,450* 1,918 10,368 784 248 1032   9,234 2,166 11,400 
DKC61-69   1,053    562 1,615   25     0 25   1,078    562 1,640 
                 
x
Radical and seminal roots. 
y
Means of four replicates of the corn line. 
Asterisks (*) mean difference between radical and seminal roots and nodal roots when data were transformed via Sqrt (x) at P ≤ 
0.05 according to Fisher’s LSD.  
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CHAPTER 4 
 
ASSESSMENT OF NEMATODE POPULATION DENSITIES AND YIELDS OF 
CORN WITH SEED TREATMENT NEMATODE PROTECTANTS AND SOIL-
APPLIED NEMATICIDES IN IOWA IN 2011 AND 2012. 
A paper to be submitted to Plant Health Progress 
 
Mychele B. da Silva and Gregory L. Tylka 
 
Abstract 
There are new seed treatment products available to protect corn roots from plant-
parasitic nematodes.  To check the effectiveness of these new products, experiments were 
conducted in 2011 and 2012 at five different locations in Iowa to access effects of seed 
treatments and one soil-applied nematicide on population densities of plant-parasitic 
nematodes and corn yields.  Experiments were conducted in northeast, northwest, central, 
southwest, and southeast Iowa.  The treatments were: Avicta
®
 Complete Corn (Avicta
®
 + 
Cruiser
®
 + Maxim
®
 Quattro); Cruiser
®
 + Maxim
®
 Quattro; Counter
®
 + Cruiser
®
 + 
Maxim
®
 Quattro; Poncho
®
 (500) / VOTiVO
®
 + Acceleron
® 
fungicides; and Poncho
®
 500 
+ Acceleron
® 
fungicides.  The experiments in southwest Iowa did not include the 
treatment with Counter
®
. Soil samples were collected at time of planting and then soil 
and root samples collected at V5/V6 corn growth stage. Nematodes were extracted, 
identified to genus and counted. All nematodes identified were below the damage 
threshold for all the locations in both years. In 2011, for samples in northwest Iowa, 
nematodes as Xiphinema (dagger), Pratylenchus (root-lesion), and Helicotylenchus 
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(spiral) were identified.  For samples in central Iowa the most common nematodes found 
were dagger, Hoplolaimus (lance), root-lesion, and spiral.  Root-lesion, dagger, spiral, 
and lance were also found in samples in collected in northeast Iowa.  Samples from 
southwest and southeast, the primary nematodes found were root-lesion, spiral and 
Paratylenchus (pin).  Yields ranged from 203-207 bushels per acre for northeast, 194.6-
196.1 for northwest, 140-159 for central, 124-132 for southeast, and 152-155 bushels per 
acre for southwest in 2011, and there was no difference in yield observed among the 
treatments at any of the locations.  In 2012, for samples in northwest, northeast, central, 
southwest and southeast nematodes as spiral and root-lesion were identified.  For 
southwest lance nematodes were also identified. There were no differences in nematode 
population density among treatments for northeast, northwest, central, and southwest.  
Yields ranged from 157-162.6 bushels per acre for northeast, 162-168.1 bushels per acre 
for northwest, 198.5-203.8 bushels per acre for central, 89.6-106.8 bushels per acre for 
southeast, and 125.1-140 bushels per acre for southwest.  Seeds treated with Avicta
®
 
Complete Corn, and Poncho
®
 (500) / VOTiVO
®
 + Acceleron
® 
just showed higher yield at 
P = 0.1 for southwest. 
 
Introduction 
Plant-parasitic nematodes were first widely recognized as pests of corn in the 
United States in the 1970s (5).  At one time, a range of different soil-applied nematicides 
was available to manage these pests, but most of these products are no longer available or 
are not registered for use on corn.  Currently, terbufos (trade name Counter
®
) is the only 
soil-applied nematicide that growers can use to manage plant-parasitic nematodes on 
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corn. Seed treatments were introduced in 2009 to protect developing corn roots from 
feeding by plant-parasitic nematodes.  Syngenta
®
 currently offers the seed treatment 
Avicta Duo
®
, which contains the nematicide abamectin, and Bayer CropScience offers 
the seed treatment Votivo™, which contains the nematode protectant Bacillus firmus.  
The availability of the seed treatments has sparked great interest among growers and 
agribusiness personnel who advise them in managing nematodes to increase corn yields 
and produce the crop more profitably.  
A somewhat unusual aspect of plant-parasitic nematodes as pests of corn is that 
most of the genera can occur commonly in fields at low population densities (numbers), 
and only when population densities increase to damaging numbers does yield losses 
occur.  The damage caused by plant-parasitic nematode feeding to corn is exacerbated by 
dry soil conditions and high temperatures, but models are not available to predict if 
nematode population densities will increase to damaging levels based on pre-plant 
sampling, and the factors that result in large increases in nematode population densities 
are not known or understood very well.  Consequently, growers, agribusiness personnel, 
and university scientists are working to determine under what conditions corn yields 
increase in response to use of the new seed treatments or soil-applied terbufos.   The 
objective of the research described herein was to assess the population densities and 
yields of corn grow in plots receiving the seed treatment nematode protectants and the 
soil-applied nematicide terbufos.   
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Materials and Methods 
A series of five closely coordinated field experiments were conducted in Iowa in 
2011 and again in 2012.  The basic information about the five experiments is included in 
Table 1.  The treatments compared in the experiments were identical for all of the 
experiments (Table 2), except the experiments in southwest Iowa did not include the 
treatment with Counter
®
.  Twenty-five bags of seed from the same seed lot of a 104-day 
maturity, glyphosate-resistant, Herculex-1 corn hybrid were used in all experiments in 
2011. In 2012, a 104-day maturity, glyphosate-resistant, Herculex-1 corn hybrid was used 
in the experiment in northwest and northeast Iowa and a 108-day maturity, glyphosate-
resistant, Herculex-1 corn hybrid was used at the three other experimental locations.  The 
corn hybrids for both years received the treatments listed in Table 2.  Some of the 
treatments in the experiments are not available for purchase by growers from the 
company that provided the seed, so the hybrid identity is not revealed.    
 
Experiment set up by location 
1) ISU Northeast Research and Demonstration Farm. The experiment was 
conducted in a field that had corn grown in it for the past 25 years. There were six 
replications of all five treatments in 2011 and again in 2012. Individual plots 
consisted of sixteen rows, spaced 30 inches apart, that were 55 feet long. Yield 
data were collected from rows 5 to 8 and 11 to 14 of each plot and averaged.   
2) ISU Northwest Research and Demonstration Farm. There were six 
replications of all five treatments in 2011 and four replications in 2012. Plots 
consisted of eight rows, spaced 30 inches apart, that were 94 feet long.  
63 
 
 
3) ISU Johnson Research Farm in central Iowa. There were four replications of 
the five treatments in 2011 and six replications in 2012. Plots consisted of eight 
rows, spaced 30 inches apart, that were 180 feet long. Yield and nematode data 
were collected from the center four rows in each plot.   
4) ISU Southeast Research and Demonstration Farm. There were six replications 
of the five treatments in 2011 and again in 2012. Plots consisted of eight rows, 
spaced 30 inches apart, that were 175 to 325 feet long. Data were collected from a 
four-row-wide (10 feet) by 100-feet-long area in each plot.   
5) ISU Armstrong Research and Demonstration Farm near Lewis in southwest 
Iowa. There were four replications in 2011 and six replications in 2012 of four 
different treatments. This location did not include Counter
®
 + Cruiser
®
 + Maxim
®
 
Quattro among the treatments tested. Plots consisted of eight rows, spaced 30 
inches apart, that were 250 feet long. Yield and nematode data were collected 
from the center four rows of each plot.   
 
General procedures 
Extraction of nematodes from soil samples.  Soil samples consisted of 20 one-
inch-diameter cores that were 12 inches deep collected from arbitrarily selected locations 
under the seed row of the center four rows of each plot.  From each soil sample, a 100cc 
subsample was taken to determine initial nematode population densities.  The nematodes 
were extracted from soil using a modified wet-sieving/decanting technique (1).  In a 
bucket, the 100cc of soil sample was suspended in 3.8 L of water, mixed by hand for 15 
sec. and left unagitated for 15 sec.  The soil-water suspension then was poured through 
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sieves with two different apertures (850 µm and 38 µm) that were stacked in descending 
order of aperture size. The root fragments from soil were collected on the 850-µm-pore 
sieve and placed on a 10-cm x 10-cm square piece of tissue paper that was folded over 
the root fragments and supported by a 2.3-cm x 2.3-cm wire metal screen in a Baermann 
funnel filled with water at room temperature (20 
o
C ± 2).  The Baermann funnel was 
drained on the third day, and root-lesion and lance nematodes were counted on the soil 
samples collected at V5/V6 corn growth stage.   
Nematodes and other organic materials were separated from the debris collected 
on the 38-µm-pore sieves by the sugar flotation-sieving technique (4).  The plant-
parasitic nematodes were identified to genus and counted. 
To determine final soil population densities of nematodes, the exact same 
procedures as described above were used. 
Extraction of nematodes from root samples.  The soil was washed from roots, which 
were then chopped into 1-cm-long fragments.   A 3-g root sample was arbitrarily selected 
and was placed in a 10-cm x 10-cm square piece of tissue paper that was folded over and 
supported by a wire mesh to keep the root packet from moving into the solution in a 
Baermann funnel.  The tubing in the bottom of the funnel was closed by a clamp.  Tap 
water was poured into the funnel until the root fragments were covered.  Funnels were 
incubated at 20 
o
C ± 2, the nematodes came out of the roots and passed through pores in 
the tissue, and by gravity, they settled to the bottom of the funnel tubing.  The entire 
contents of the funnels were drained into beakers after three days.    The plant-parasitic 
nematodes were identified to genus and counted. 
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Treatments. The treatments, all applied to a single lot of seed of a single corn hybrid in 
2011 and two hybrids in 2012, are presented in the Table 2. 
Treatments Avicta
®
 + Cruiser
®
 + Maxim
®
 Quattro and Cruiser
®
 + Maxim
®
 
Quattro varied only by the presence of Avicta
®
.  Treatments Cruiser
®
 + Maxim
®
 Quattro 
and Counter
®
 + Cruiser
®
 + Maxim
®
 Quattro varied only by the presence of Counter
®
.  
And treatments Poncho
®
 (500) / VOTiVO
®
 + Acceleron
® 
fungicides and Poncho
®
 500 + 
Acceleron
® 
fungicides varied only by the presence of Votivo
®
.  
 
Data analysis 
The results from each location and each year were analyzed separately.  In 2011, 
there were 30 plots for northeast, northwest, and southeast, 20 for central, and 16 for 
southwest Iowa. In 2012, except for northwest Iowa with 20 plots, there were 30 plots for 
all the locations.  The experiments were all arranged in a randomized complete block 
design. The experiments compared among treatments the initial nematode population 
density (Pi) and final nematode population density (Pf) and yield.  Data were analyzed by 
using ANOVA (P < 0.10), then mean separation was determined using Fisher’s least-
significant-difference (LSD) test on Statistical Analysis System software (7).   
 
 
Results  
Spiral nematode was the most numerous nematode present in all experiments in 
both years (Figure 1, 2, 3, 4, and 5).  Very few nematodes were recovered from the root 
samples collected in June, so those data were discarded. 
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ISU Northeast Research and Demonstration Farm. In 2011, the primary plant-
parasitic nematodes found in the field were the dagger (Xiphinema), lance (Hoplolaimus), 
root-lesion (Pratylenchus), and spiral (Helicotylenchus) nematodes, and spiral and root-
lesion were also present in 2012. At planting, there were no differences in numbers of 
individual nematode genera or in total number of plant-parasitic nematodes among 
treatments in 2011 and 2012. In the soil samples collected at the V5/V6 corn growth 
stage, there were no differences in numbers of individual nematode genera or in total 
number of plant-parasitic nematodes among treatments in both years.  The population 
densities of all nematodes in samples collected at planting and at V5-V6 corn growth 
stage were well below numbers thought to cause yield loss to corn. 
The overall average yield of the corn in the experiment was 205 bushels per acre in 2011 
and 159.8 bushels per acre in 2012. Mean treatment yields ranged from 203 to 207 
bushels per acre in 2011 and 157 to 162.6 in 2012, and there were no differences in yield 
among treatments. 
ISU Northwest Research and Demonstration Farm. The primary plant-parasitic 
nematodes found in the field were the dagger (Xiphinema), root-lesion (Pratylenchus), 
and spiral (Helicotylenchus) nematodes in 2011 and spiral and root-lesion nematdes in 
2012.  At planting, there were no differences in numbers of individual nematode genera 
or in total number of plant-parasitic nematodes among treatments in both years. In 2011, 
in the soil samples collected at the V5/V6 corn growth stage, there were more spiral 
nematodes and total plant-parasitic nematodes in the Poncho
®
 500 + Acceleron
®
 
fungicide treatment than in the other four treatments (Figure 2). In 2012, for soil samples 
collected at theV5/V6 corn growth stage, there were no differences in numbers of 
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individual nematode genera or in total numbers of plant-parasitic nematodes among 
treatments.  All nematode population densities in samples collected at planting and at V6 
corn growth stage were well below numbers thought to cause yield loss to corn. 
The overall average yield of the corn in the experiment was 195 bushels per acre in 2011 
and 165 bushels per acre in 2012. Mean treatment yields ranged from 194.6 to 196.1 
bushels per acre in 2011 and 162 to 168.1bushels per acre in 2012, and there were no 
differences in yield among treatments.  
ISU Johnson Research Farm in central Iowa. The primary plant-parasitic nematodes 
found in the field were the dagger (Xiphinema), lance (Hoplolaimus), root-lesion 
(Pratylenchus), and spiral (Helicotylenchus) nematodes in 2011 and spiral and root-lesion 
nematodes in 2012.  At planting, there were no differences in numbers of individual 
nematode genera or total number of plant-parasitic nematodes among treatments in both 
years.  In soil samples collected at the V5/V6 corn growth stage in 2011, there were 
fewer total plant-parasitic nematodes in the Counter
®
 and Votivo
®
 treatments than in the 
comparison treatments that did not have the nematode management products (Figure 3). 
For soil samples collected in June 2012, there were no differences in numbers of 
individual nematode genera or in total number of plant-parasitic nematodes among 
treatments.  All nematodes in samples collected at both sampling dates were well below 
numbers thought to cause yield loss to corn. 
The overall average yield of the corn in the experiment was 151 bushels per acre in 2011 
and 201 bushels per acre in 2012. Mean treatment yields ranged from 140 to 159 bushels 
per acre in 2011 and 198.5 to 203.8 bushels per acre in 2012, and there were no 
differences in yield among the five treatments.  
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ISU Southeast Research and Demonstration Farm. The primary plant-parasitic 
nematodes in the field were the root-lesion (Pratylenchus), pin (Paratylenchus), and 
spiral (Helicotylenchus) nematodes in 2011 and root-lesion and spiral nematodes in 2012.  
At planting in 2011, there were no differences in numbers of individual nematode genera 
or in total number of plant-parasitic nematodes among treatments. In 2012, there were 
fewer root-lesion and spiral nematodes in the Avicta® Duo treatment than the comparison 
treatments without Avicta
®
.  In the soil samples collected at the V5/V6 corn growth stage 
in 2011, there were no differences in numbers of individual nematode genera or in total 
number of plant-parasitic nematodes among treatments. In 2012, there were fewer spiral 
nematodes and total plant-parasitic nematodes in the Avicta
®
 Duo and Counter
®
 
treatments than the treatments without the products. Numbers of plant-parasitc nematodes 
in all samples were well below numbers thought to cause yield loss to corn. 
The overall average yield of the corn in experiment was 129 bushels per acre in 2011 and 
98.2 bushels per acre in 2012. Mean treatment yields ranged from 124 to 132 bushels per 
acre in 2011 and 89.6 to 106.8 bushels per acre in 2012, and there were no differences in 
yield among treatments.  
ISU Armstrong Research and Demonstration Farm near Lewis in southwest Iowa. 
The primary plant-parasitic nematodes found in the field were the root-lesion 
(Pratylenchus), pin (Paratylenchus), and spiral (Helicotylenchus) nematodes in 2011 and 
root-lesion, spiral, and lance nematodes in 2012.  At planting and in the soil collected at 
the V5/V6 corn growth stage in 2011 and 2012, there were no differences in numbers of 
individual nematode genera or in total number of plant-parasitic nematodes among 
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treatments.  The population densities of all nematodes in the samples collected at both 
dates in both years were well below numbers thought to cause yield loss to corn. 
The overall average yield of the corn in the experiment was 154 bushels per acre in 2011 
and 132.5 bushels per acre in 2012. Mean treatment yields ranged from 152 to 155 
bushels per acre in 2011 and 125.1 to 140 bushels per acre in 2012. There were no 
differences in yield among treatments in 2011, but there were differences in yield among 
treatments in 2012. There was some hail damage to the plots and gray leaf spot developed 
during the growing season, which likely contributed to the low yields in both years. 
 
Discussion 
 
The seed treatment products did not and the soil-applied nematicide Counter
®
 
affect numbers of plant-parasitic nematodes or yields of corn in the experiments in 
southeast, southwest, and northeast Iowa. Our initial nematode population densities in the 
soil and in the roots were low for all of the locations in 2011 and in 2012, which might 
explain the lack of a treatment response.  The nematode management products likely may 
have had a much more pronounced effect on population densities of plant-parasitic 
nematodes and corn yields in fields with very damaging nematode species (like needle 
nematodes and sting nematodes) and in fields with much greater plant-parasitic nematode 
population densities. 
Fewer total plant-parasitic nematodes were found in central Iowa in plots that 
received Counter
®
 and Votivo
®
 in 2011.  In 2009, similar experiments were conducted in 
Nebraska in corn with Votivo
®
 and initial nematode population densities were also low, 
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except for Pratylenchus spp. (3).  Jackson and Behn (3) reported no reduction in 
nematode population densities in the soil and at V5 plant stage with the new seed 
treatment.  Their results with Votivo
®
 were consistent with ours in experiments in 
southeast, southwest, northeast, and northwest Iowa.  However, Poncho
®
 500 + 
Acceleron
® 
without Votivo
®
 increased spiral nematode numbers and total plant-parasitic 
nematode in the experiments in northwest in 2011.  In 2008 in Alabama, Counter
®
 was 
tested in corn for reduction on reniform nematode population densities.  In those 
experiments, there was no reduction in nematode population density and the 
improvement in yield depended on the corn hibrid (2).   Their results were similar to our 
experiments in 2011 and most of the experiments in 2012. We also did not observe effect 
on nematode numbers and yield. 
 Avicta
®
 added to Cruiser
®
 + Maxim
®
 Quattro had no effect on yield or nematode 
population densities for any location where the experiments were conducted.  Similar 
responses were observed by Rich and Wright (6) when Avicta
®
 was added to Telone II 
and Temik 15G for management of reniform in cotton;  Avicta
®
 alone also did not have 
effect in yield or reniform numbers. 
Overall, corn yields were low in the experiment in 2011 and in 2012; the hybrids 
used were not well suited for where the experiments were conducted, which may have 
affected the treatment-response in the experiments.   
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Fig. 1. Mean population densities of plant-parasitic nematodes in soil samples at planting 
(initial population density or Pi) and at V5 corn growth stage for the five treatments 
investigated in the experiment in Nashua (Northeast Iowa) for 2011 (A) and 2012 (B).  
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Fig. 2. Mean population densities of plant-parasitic nematodes in soil samples at planting 
(initial population density or Pi) and at V6 corn growth stage in Sutherland (Northwest 
Iowa) for 2011 (A) and 2012 (B). “misc.” = miscellaneous plant-parasitic nematodes 
present in very low numbers. For the V6 sample date, bars or segments of bars with 
different letters are different (P=0.10); there were no differences among treatments for 
the initial (Pi) samples (P>0.10). 
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Fig. 3. Mean population densities of plant-parasitic nematodes in soil samples at planting 
(“Pi”) and at V5 corn growth stage in Ames (central Iowa) for 2011 (A) and 2012 (B).  
For the V5 sample date, bars with different letters above them had different total numbers 
of plant-parasitic nematodes (P=0.10). 
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Fig. 4. Mean population densities of plant-parasitic nematodes in soil samples at planting 
(initial population density or Pi) and at V5 corn growth stage for the five treatments in the 
experiment in Crawfordsville (Southeast Iowa) for 2011 (A) and 2012 (B). “misc.” = 
miscellaneous plant-parasitic nematodes present in very low numbers. 
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Fig. 5. Mean population densities of plant-parasitic nematodes in soil samples at planting 
(initial population density or “Pi”) and at V5 corn growth stage in Lewis (Southwest 
Iowa) for 2011 (A) and 2012 (B).  “misc.” = miscellaneous plant-parasitic nematodes 
present in very low numbers. 
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Table 1. General information on corn experiments conducted in 2011 and 2012. 
     
  2011   
Location 
(nearest town) 
Planting 
date 
Initial sampling 
date 
Mid-season 
sampling date
x
 
Harvest date 
Ames May 6 May 9 June 7 October 18 
Crawfordsville May 2 May 17 June 7 September 27 
Lewis May 3 May 5, 9
 y
 June 6 October 11 
Nashua May 3 May 16, 20, 23
z 
June 17 October 18 
Sutherland May 3 May 5 June 9 October 17 
  2012   
Ames May 11 May 17 June 17 October 10 
Crawfordsville April 26 April 26, May 21
w
 June 6 October 9 
Lewis April 24 April 26 June 5 September 10 
Nashua April 25 April 26 June 5, 6 September 21 
Sutherland April 26 April 30 June 11 October 3 
     
x
Samples collected at V5-V6 plant stage. 
y
Soil samples from replications 1 to 3 of  the experiment were collected on May 5, 
samples from replication 4 were collected on May 9, 2011. 
z
Soil samples from replication 1 were collected on May 16, samples from replications 2 
and 3 were collected on May 20, and samples from replications 4 through 6 were 
collected on May 23. 
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w
Soil samples for replications 1 and 2 of  the experiment were collected on April 26, 
samples from replication 3 to 6 were collected on May 21, 2012. 
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Table 2. Treatments 
   
 Seed treatment 
Soil-applied 
nematicide 
Treatment name Fungicides Insecticide 
Nematode 
protectant 
 
Avicta Duo + Maxim 
Quattro  
mefenoxam, 
fludioxonil, 
azoxystrobin, 
thiabendazole 
thiamethoxam abamectin --- 
 Cruiser + Maxim 
Quattro 
mefenoxam, 
fludioxonil, 
azoxystrobin, 
thiabendazole 
thiamethoxam --- --- 
 Poncho / VOTiVO + 
Acceleron fungicides 
 clothianidin 
Bacillus 
firmus 
--- 
 Poncho 500 + 
Acceleron fungicides  
 clothianidin --- --- 
 Counter
®
 + Maxim 
Quattro + Cruiser 
mefenoxam, 
fludioxonil, 
azoxystrobin, 
thiabendazole 
thiamethoxam --- 
terbufos 
(0.56 g per m) 
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General conclusions 
 
Corn is one of the main crops grown in the Midwest of U.S.A.  Plant-parasitic 
nematodes are known to cause damage in corn and several species have been reported to 
cause yield loss around the world. The most damaging endoparasitic nematodes in the 
Midwest in corn are from the genus Hoplolaimus (lance nematodes) and Pratylenchus 
(root-lesion nematodes). These two nematodes genera are not host specific, which makes 
management difficult. Fortunately, root-lesion and lance nematodes are often present 
below the damage threshold in Iowa. However, population densities may increase 
depending upon host susceptibility and environment conditions, so effective methods of 
control are necessary.  
Monitoring nematode population densities through root and soil extraction is 
necessary for management. Our studies showed that water on the platform shaker can be 
an effective technique for extraction of root-lesion and lance nematodes from corn roots. 
Moreover, method and solution interact when root-lesion is the plant-parasitic nematode 
extracted.  The range of root-lesion and lance nematodes extracted with the platform 
shaker and water did not vary in days 3, 5, and 7.   Because the range for the nematodes 
did not vary, an extraction pattern with water on the platform shaker may have been 
established for the seven days. However, it may not be true after seven days, so further 
analysis need to be conducted.  Our findings may facilitate extraction process in the 
future avoiding the use of toxic compounds and increase efficiency in monitoring field 
for endoparasitic nematodes in corn.   
Management techniques are limited for root-lesion and lance nematode in corn, so 
finding a resistant corn line would improve methods of control.  Unfortunately, the 
 Y  X 
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inconsistencies in our experiments did not allow us to determine a resistant corn line to 
root-lesion or lance nematodes. However, DKC61-69 is a corn line that may have useful 
potential for breeding programs for resistance of lance nematodes. VA35 was found to 
support high numbers of root-lesion and lance nematodes; it may be used as a susceptible 
control line in screening experiments for corn. 
The new seed treatments did not have effect on yield or nematode numbers for 
most of the locations. For northwest Iowa, Poncho
®
 500 + Acceleron
®
 increased the 
spiral numbers and total plant-parasitic nematodes compared with the other treatments. 
For central Iowa, Counter
®
 and Votivo
®
 reduced the total numbers of plant-parasitic 
nematodes compared with the other three treatments. The efficiency of the new seed 
treatments may be affected for the low population densities of plant-parasitic nematodes 
in the field. The seed treatment products need to be tested in fields with high plant-
parasitic nematodes population densities. 
 
 
